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Description 

Technical Field 



[0001] The present invention relates to a radiation curable aqueous coating composrt.on having exce lent adhesion 
and exce ent solvent resistance, a coated metal material with a coating film having excellent adhesion to the surface 
of a metal material and excellent solvent resistance, and a manufacturing method therefor, and a method for joining a 
coated metal material comprising a coating film. 



Background Art 

10002] in the field of painting/coating, to obtain a coating viscosity suitable for a coating step such as coating and 
prSg. a solvent type coating composition to be diluted with a solvent has been widely used ^^e-Bto^ore^ Howeve, 
The use of an organic solvent has problems in aspects of safety and health as well as working .'"J'^'^^^f^^ 
of a solvent-free type coating composrtion, a step of drying the solvent is not required, however, a step of heating of 
1 coS iosmon IS sometimes required to obtain a coating viscostty. This presented problems such as sk, 
toxicity and odor of a diluting monomer to be added, similar to the solvent type coating composition Moreover, a 
polS^r material cannot be used because of limitation of the coating viscosity, and therefore chemical and physical 
Derformances of the coating film cannot be easily improved. .... ^ ^^^i 

fooosT For the coating compositton for coating metals used to protect surfaces of molding metal n^«t«"«'«;"^;"f « 
Sates, not on^ safety and environmental compatibility, but also generally required Performances such ^ S'h make 
coating film high adhesion and solvent resistance specific to the field of metal coating, and perfomiances which make 
rpSirto weld directly without removing a protective coating film fomied in a welding step In post-processing. are 

!oM4r To solve these problems, intensive study and development about an aqueous ^<:a«"9.'=°'"P°^™°" ^^^^V^" 
cently been made. Dispersion or dissolution of a resin in an aqueous medium is attained by using a d'^Persant or an 
emuteiSw or an action of a disperslble group, emulsifiable group or soluble group localized internally (lonic func^onal 
or a nonlonic functional group), and the latter self-emulsif iable or setf-soluble resin has secured comparatively 
exceMent performances. However, since it is required to introduce sufficient water-soluble functional groups to attain 
Simuls^ontn a molecule, good balance between the water resistance and the emulsifiability is necessary, resulting 
in poor physical properties of the coating film such as boiling water resistance and solvent resBtance. 
00051 Japanese Unexamined Patent Application, First Publication, No. Sho 61-83262 Japanese |«"^'"0d;^^^"« 
Apptation. second Publication, No. Hei 2-41555, and Japanese Unexamined Patent Application, ^"^^^ f^^^' 
No 5-320568 disclose a method of adding a reaction product of an epoxy resin and phosphonc ao.d or a rea^n 
oroduct of an epoxy resin a phosphate and cart)oxylic acid into an aqueous acrylic resin and an aqueous am no resin 
as tt method onmirovlng the adhesion of a them^osetting composition. Although the resulting thennosetting com- 
posTon has ex^liem adhesion, a thin coating film having a thickness of several microns does not satisfy the solvent 
resis ance adhesion and workiility. Various methods have been suggested, but there has never been suggested a 
thrcoa^na fHrving a thickness of several microns fomied on the surface of a metal material, particular^, a metal 
shLt wS h^^^^^ adhesion, durability to severe working and excellent resistance to a solvent, particularly a 

Posr'Relntly.aradlationcurableaquecuscoatingcomposition has been intensively studied asanas 
riend y coating composition using no organic solvent. As a resin, whteh is a basic component oonstrtuting a coatKig 
m-foLlng component, for example, a polyurethane resin, an acrylic resin, a polyester resm and an epoxV «s^n are 
known. The acryl^ resin has an excellent chemical resistance because of a carbon-cart,on bond on a P"nc.f^a' '^^^^^^^ 
but cannot easj attain high wori^ability. The polyester resir, can attain excellent -^^^abiiity because ^^^^^^ 
bond on a Drincipal chain but has poor chemical resistance such as acid resistance or alkali resistance. The epoxy 
?es"J hL eSnt adhTs on and excellent chemical resistance, but cannot easily attain good balance between high 
wort^l^ and s^^^^^^ resistance. Thus, these resins have good points and bad points. The polyurethane resin as 
^drawback that a urethane bond and a hydrogen bond are liable to be fomied by the reaction of isocyanate as a raw 
miS thus lulling in high viscosity. However, since good balance between the functionality and performance can 
J^ea ly liled t u'tilizin'g high reactivity of an isocyanate group and the urethane ''-t^JS^;" « ^^^^^ 
ecules entangle with each other via the hydrogen bonds and serve as a pseudo-polymer, and therefore, the resulting 

Jo°or 'rorVxI^antt;:: described in Japanese Unexamined Patent Application, Pirst -"n No^He. 
8-259888 provides an aqueous dispersion comprising water and radiation curable microgel partic es dispersed in water 
as a polyurethane resin-based radiation curable aqueous coating composition having excellent coating f'lrn- orm.ng 
prope^^^The microgel partfcles are gel-like coating film-forming polyurethane resin particles comprising polyurethane 
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resins and a crosslinked structure obtained by crosslinking polyurethane resins via a urethane bond or a urea bond, 
and said resin particles have a radiation curable ethylenic unsaturated double bond and a group of a salt. In the above 
Publication, It is described that the coating film-forming polyurethane resin particles can contain 1 to 50% of the other 
radiation curable compound and an initiator for radiation curing reaction therein, and that an aqueous coating film 
5 having excellent workability and excellent solvent resistance can be obtained by using these radiation curable mtcrogel 
particles. 

[0008] Japanese Unexamined Patent Application. First Publication No. Hei 9-31150 discloses, as a composition 
capable of forming a highly crosslinked coating film, a radiation curable aqueous polyurethane resin composition pre- 
pared by reacting a product, which is obtained by the Michael addition of a hydroxyl compound having an active hy> 

10 drogen to a double bond of a compound having two or more (meth)acryloyl groups, a polyhydroxy compound having 
an acidic group and a polyisocyanate as an indispensable component. Generally, a composition having an acryloyt 
group, whtoh is superior in curability, has conventionally been used as a radiation curable composition, and Japanese 
Unexamined Patent Application, First Publication No. Hei 10-251360 discloses that a radiation curable aqueous poly- 
urethane composition having an methacryloyi group is superior in adhesion, chemical resistance, surface hardness 

IS and yellowing resistance, and is used in coating compositions, coating agents and Inks. 

[0009] In Japanese Unexamined Patent Application, First Publication No. Hei 10-251 361, it is described that excellent 
adhesion, excellent solvent resistance, excellent workability and excellent coatability can be obtained by mixing radi- 
ation curable microgel particles with a radiation curable aqueous polyurethane resin. 

[0010] These radiation curable aqueous polyurethane resin compositions are used in coating compositions, coating 
^ agents and inks because of excellent adhesion to any organ k: material (e.g. plastic films, wood construction materials 
and decorative papers for construction materials) and inorganic materials (e.g. metal materials and glass) and excellent 
solvent resistance. Any of them is a radiation curable aqueous composition containing an aqueous polyurethane resin 
having both a radiation curable ethylenic unsaturated double bond and a group of a salt, and the coating film thereof 
is cured by a radiation and the solvent resistance is enhanced as the acryloyi group concentration and crosslinking 
2s degree increase. However, there is such a drawback that the adhesion and the workability are deteriorated as the 
crosslinking degree increases. With respect to the solvent resistance, a group of a salt and a polar group must be 
introduced to obtain an aqueous resin composition, resulting in high polarity of the chemical composition itself. Even 
if the crosslinking degree of the composition is considerably increased, it is difficult to obtain the resistance to a polar 
solvent, particularly ethanol. 

30 [0011] If the crosslinking degree is increased to obtain the solvent resistance, it is impossible to cope with a more 
severe situation, for example, application where high workability in drawing of a metal plate as well as adhesion are 
required. 

[0012] Japanese Unexamined Patent Application, First Publication No. Hei 10-298213 suggests, as a composition 
having good stability of an emulsion and good adhesion to a base material, a radiation curable emulsion containing a 

35 radiation curable emulsifier which has a polymerizable double bond and also has an anionic hydrophilic group such 
as carboxyl group, phosphate group, carboxylic acid salt group, phosphate salt group or the like. However, the resulting 
emulsion type composition Is not homogenized at a molecular level on fonnation of a coating film and localization of 
the component inevitably occurs, thus resulting in poor physical properties such as surface smoothness and gloss of 
the coating film as well as poor solvent resistance and poor chemical resistance. Since Newtonian flow does not occur, 

40 the resulting coating composition is inferior in coatability during roll coating as compared to a water-soluble type coating 
composition. 

[0013] In the case in which a coated metal material is welded, the electrical resistance increases and the voltage 
drop becomes severe when a coating film has a large thickness at the joint portion. Therefore, an applied voltage 
required to welding must be enhanced. Even when using a conventional coating composition, a problem of the voltage 
45 drop is solved by reducing the thickness of the coating film to several microns or less. On the other hand, the solvent 
resistance of the coating film and the adhesion to the surface of the metal material are drastically deteriorated, thus 
resulting in poor workability in the post- processing of the coated metal material. 

[0014] Although various measures have hitherto been suggested to improve the drawbacks described above, there 
has never been obtained a radiation curable aqueous coating composition which can form a coating film having both 
so excellent adhesion and excellent solvent resistance in the case in which a thin film having a thickness of several microns 
is fomried on the surface of a metal material using the coating composition. Also no coated metal material was known 
which was capable of being welded at the joint portion of the surface of a metal material in the state of having a thin 
coating film having both excellent adhesion and excellent solvent resistance. 

55 Disclosure of Invention 

[0015] An object of the present invention is to provide a radiation curable aqueous coating composition for forming 
a coating film which is a thin film and has both excellent adhesion and excellent solvent resistance, particularly ethanol 
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resistance. Another object of the present invention is to provide a coated metal material with a coating film, which is a 
thin film and has both excellent adhesion and excellent solvent resistance, particularly ethanol resistance, and a man- 
ufacturing method therefor. Still another object of the present invention is to provide a method for joining a coated metal 
material by welding in the state of having a coating film. ^ ^ 

[00161 The present inventors have researched intensively and have found that the problems described above can 
be solved by a radiation curable aqueous coating composition comprising an aqueous resin having a specific phosphate 
group a specific a phosphate compound, and a specific aqueous resin, thus completing the present invention. 
[00171 First the present Invention provides a radiation curable aqueous coating composition compnsing an aqueous 
resin having a chemically bonded phosphate group and an ethylenic unsaturated double bond {hereinafter referred to 
as an aqueous resin (1)). and/or a phosphate compound having an ethylenic unsaturated double bond hereinatter 
referred to as an aqueous resin (II)) and an aqueous resin having an ethylenic unsaturated double bond {hereinafter 

refen-ed to as a phosphate compound (111)}. 

[0018] Second, the present invention provides a coated metal material comprising a metal matenal and a radiation 
curable coating film formed on the metal material, wherein the coating film has a phosphate group bonded chemically 
19 to the aqueous resin and has a thicl<ness of 3 urn or less. 

[00191 Third the present invention provides a method for manufacturing a coated metal matenal compnsing a metal 
material and a' radiation curable coating film formed on the metal material, which comprises the steps of coating the 
surface of the metal material with an aqueous coating composition comprising an aqueous resin (1), and/or a Phosphate 
compound (111) and an aqueous resin (111) in a coating film thickness of 3 nm or less, and curing the coating film with 

^ [0020]°" Fourth, the present invention provides a method for joining a coated metal material comprising a metal material 
and a radiation curable coating film formed on the metal material, which comprises joining the coated metal material, 
the coating film of which has a phosphate group bonded chemically to the aqueous resin and has a thickness of 3 ^m 
orless, by welding in the state of having the coating film. 

29 [00211 Consequently, it is made possible to provide (1) a radiation curable aqueous coating composition having 
excellent solvent resistance and excellent adhesion to the surface of a metal material, (2) a coated metal materia 
having a coating film, which has a dry film thickness of 3 jtm or less and has excellent solvent resistance and excellent 
adhesion to the surface of a metal material, on the surface of a metal material, (3) a method for manu actunng the 
coated metal material, and (4) a method for joining a coated metal material, capable of joining by welding without 

30 removing a coating film on the surface of the coated metal material, that is. In the state of having the coating of 3 urn 
or less in thkskness. 

Best Mode for Carrying Out the Invention 

39 [00221 First, the radiation curable aqueous coating composition of the present invention will now be described in 
detail The radiation curable aqueous coating composition of the present invention contains aqueous resin (I), and/or 
an aqueous resin (II) and a phosphate compound (III). As used herein, the radiation refers to energy beams such as 
ultraviolet light, visible light, electron beams. X-rays or the like. 

[0023] The aqueous resin (I) or aqueous resin (II) used in the radiation curable aqueous coating composition of the 

40 present invention is an aqueous resin which is dissolved in water, dispersed In water, dispersible in water, or provided 
with a water diluting property. The aqueous resin includes, for example, an aqueous resin wherein an ion repulsive 
force ol molecules is enhanced by neutralizing a group of a salt in a molecule, thereby dispersing microparticles in 
water in a molecular level, or a resin in the form of resin particles wherein particles containing molecules, which neu- 
tralized a group of a salt, are self-dispersed in water by repulsion of ions in the state of being dispersible in water, being 

49 dispersed in water, or being dispersed in a solvent prepared by optionally mixing water with an organic solvent^ Specif e 
examples of these aqueous resins are disclosed, for example in Japanese Unexamined Patent Application, First Pub- 
lication No Hei 10-251360, Japanese Unexamined Patent Application, First Publication No. Hei 10-251361 , Japanese 
Unexamined Patent Application, First Publication No. Hei 8-259888, or Japanese Unexamined Patent Application. 
First Publication No. Hei 9-31150. k,«^w 

50 [0024] Examples of the resin include aqueous polyurethane resin, aqueous acrylic resin, aqueous polyester res n 
and aqueous epoxy resin. Preferred examples of the compound used to introduce an ethylenic unsaturated double 
bond into these aqueous resins are (meth)acrylate having a double bond at the a- and p-positions; monoester and 
diester of itaconic acid: vinyl ethers; unsaturated dicarboxylic acids such as maleic acid and fumanc acid; and mo- 
noesters or diesters thereof. As the aqueous resin (I) or aqueous resin (II). an aqueous polyurethane resin having 

55 excellent pliability on formation of a coating film and excellent adhesion to the surface of a metal matenal is preferably 

[OOM] The coating film of the radiation curable aqueous coating composition of the present invention has a structure 
such that the aqueous resin in the coating film is crosslinked and a phosphate group is chemically bonded to the resin. 
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The aqueous resin (I) can have the above structure even when using it alone. On the other hand, when using the 
aqueous resin (M) alone, the phosphate group does not exist in the structure. When using the phosphate connpound 
(111) alone, the resulting coating film is superior in performance because of poor coating film-forming ability. Accordingly, 
the aqueous resin (tl) and the phosphate compound (III) are mixed, or are mixed with the aqueous resin (t) when using 
them. Since any of the aqueous resin (1), aqueous resin (II) and phosphate compound (III) has an ethylenic unsaturated 
double bond in a molecule, any combination of thereof can have the above structure when two or more of them are 
mixed. In order to obtain high adhesion and excellent solvent resistance, the content of the phosphate group in the 
aqueous coating composition is preferably within a range from 0.1 to 10.0% by weight, and more preferably from 0.2 
to 5% by weight, in terms of phosphorus atoms based on the nonvolatile content. 

[0026] As the solvent used in the radiation curable aqueous coating composition of the present invention, an organic 
solvent capable of dissolving the aqueous resin (I), aqueous resin (II) and phosphate compound (ilt) can be optionally 
selected, in addition to water. The content of the organic solvent in the radiation curable aqueous coating composition 
is preferably 5% by weight or less in aspects of safety and health as well as less environmental pollution. 
[0027] The phosphate compound (III) used in the radiation curable aqueous coating composition of the present 
invention is a compound having one or more ethylenic unsaturated double bonds in a molecule, and examples thereof 
include phosphoric acid alkyi ester, phosphoric acid ally! ester and phosphoric acid aralkyi ester, each having an eth- 
ylenic unsaturated double bond in the same molecule. More specific examples are reaction products of phosphoric 
acid (meth)acrylate represented by the following general formula (1), i.e., phosphoric acid monoester or phosphoric 
acid diester, and alkyI monoglycidyl ethers, alky I gtycidyl ester or a polyepoxy compound, reaction products of a com- 
pound having both an epoxy group and an ethylenic unsaturated double bond (e.g., glycidyi methacrylate) and phos- 
phoric acid, phosphoric acid monoester or phosphoric acid diester, and phosphoric acid polyether (meth)acrylate rep- 
resented by the following general formula (2). Phosphoric acid (meth)acrylate represented by the general fomnula (1) 
is particularly preferred. 



25 



General fonnula (1) 



30 



H2=i-?OCKH2ic- CO^-CaHio) n-O 



35 



40 



= -H. -CHi 



•R2 = CmH: 



k = 2--1 2. m = 0'-'8. n=0'-'2. a^l-^-S^ b=0'--2 



General formula (2) 



50 



55 



— — Ht — CH3 R^ ^ CmH2m-l-1 

k = 2'^4, m = 0~8. n = 1'^10^ 3 = 1*^3. b = 0~2 



[0028] Typical examples of the phosphoric acid (meth)acrylate represented by the general formula (1 ) include com- 
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pound obtained by dehydration condensation of phosphoric acid. 2-hydroxyethyi acrylate and 2-hydroxyethyl meth- 
acrylate, and dehydrated condensate of a compound obtained by ring-opening addition of e-caprolactone to 2-hydrox- 
vethvl acrylate or 2-hydroxyethyl methacrylate and phosphoric acid. , . , ,oi 

rO0291 Typical examples of the phosphoric acid polyether (meth)acrylate represented by the general formula (2) 
include compounds obtained by dehydration condensation of an adduct such as ethylene oxide, propylene oxide or 
tetrahydrof uran to acrylic acid, methacrylic acid. 2-hydroxyethyl acrylate or 2-hydroxyethyl methacrylate and phosphor- 

rOOMl' The radiation curable aqueous coating composition containing the phosphate compound (111) and the aqueous 
resin (li) having both an ethylenic unsaturated double bond and a group of a salt is obtained by mixing the phospha e 
compound (111) with the aqueous resin (11) having both an ethylenic unsaturated double bond and a group of a sa t, 
which can be dissolved or dispersed in water, a hydrophilic organic solvent, or a mixed solvent thereof. The phosphate 
compound (111) is preferably neutralized with a basic compound so as to obtain a radiation curable aqueous coating 
composition having good storage stability, which causes neither white turbidity nor precipitation. _ 
r0031l The phosphate group bonded chemically to the aqueous resin may be phosphoric monoester phosphoric 
diester or phosphoric triester. Examples of the group which is not bonded to the aqueous resin include hydrogen alkyi 
ester alM ester and aralkyl ester. With respect to introduction of the phosphate group into the aqueous resin (II), in 
the case in which the aqueous resin (II) is an aciylic resin, the phosphate group bonded chemically to the aqueous 
resin can be introduced into the acrylic resin by copolymerizing phosphoric acid (meth)acrylate with other aery ic mon- 
omers In the case in which the aqueous resin (II) is an epoxy resin, the phosphate group bonded chemically to the 
epoxy resin can be introduced by reacting the epoxy group with phosphate or phosphoric acid^ in the case in which 
the aqueous resin (11) Is a polyester resin or a polyurethane resin, the phosphate group bonded chemically to the 
polyester resin or polyurethane resin can be introduced by reacting each hydroxyl group with phosphorus pentaoxide. 
The aqueous resin (1) can be obtained by Introducing an ethylenic unsaturated double bond into each resin by a publicly 
known method before or after introducing the phosphate group. 

[0032] A portion or all of phosphoric acid groups in the radiation curable aqueous coating composition can be neu- 
tralized with a basic compound before use. 

[00331 By further adding a conventionally known silane coupling agent to the aqueous resin (I), and/or the aqueous 
resin II) and the phosphate compound (III) to the above-described radiation curable aqueous coating composition o 
the present invention, higher adhesion between the coating film fomied by coating the surface of the metal material 
with the radiation curable aqueous coating composition and the surface of the metal material can be obtained 
[00341 In addition to the aqueous resin (I), and/or the aqueous resin (II) and the phosphate compound ( II) or the 
silane coupling agent, additives and auxiliaries, for example, radiation curable monomers, radiation curable oligomers, 
publicly known polymerization initiators for radiation curing, publtely known resin compositions, amino-plaste. diluente. 
surfactants, plasticizers, waxes, hydrolysis inhibitors, emulsifiers, leveling agents, defoamers, antioxidants and anti- 
bacterial agents can be optionally incorporated into the above-described radiation curable aqueous coating composi ion 
of the present invention. If necessaiy, inorganic powders such as silica powders and alumina, colorants such as publicly 
known dyes and pigments, rust preventives and rust prevention pigments can be incorporated. 

(Polyurethane resin) 

[00351 Typical examples of the aqueous polyurethane resin having an ethylenic unsaturated double bond (hereinafter 
referred to as an aqueous polyurethane resin (ll-U)} include aqueous polyurethane resin having both an ethylenic 
unsaturated double bond and a group of a salt, which is dissolved or dispersed in water. According to a typical method 
for manufacturing the aqueous polyurethane resin (ll-U), first, compounds (a) having a group of a salt, polyisocyanate 
compounds (b) which are difunctlonal or of higher functionality and polyol compounds (c) are incorporated such that 
excess isocyanate groups are introduced to obtain an isocyanate group-temninated polyurethane prepolymer. Then, 
the isocyanate group-terminated polyurethane prepolymer is reacted with radiation curable compounds (d) having one 
or two hydroxyl groups and one or more ethylenic unsaturated double bond, thus making it possible to obtain a poly- 
urethane prepolymer having a radiation curable ethylenic unsaturated double bond and a group of a salt which is 
terminated wrth an ethylenic unsaturated double bond or an isocyanate group. Then, a mixed solution <>' water and an 
organic solvent Is prepared by neutralizing the group of a salt in the polyurethane prepolymer having a ^^f " 
ethylenic unsaturated double bond and a group of a salt at 50'C or lower and dispersing an ionized 
in water. If necessary, a crosslinking agent (e) dissolved in water or an organic solvent is added at 3° C or lower 
According to another method of crosslinking or chain-extending using the crosslinking agent (e). the crosslinking agent 
(e) is previously dissolved in an aqueous phase and then an ionized neutralized solution is dispersed in waterto prepare 
a mixed solution of water and an organic solvent. Finally, the organic solvent is distilled off from the mixed solution of 
water and an organic solvent under reduced pressure, thus making it possible to obtain an aqueous polyurethane resin 
(ll-U) having radiation curability. 
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[0036] By using dicyclohexylmethane-4,4'-diisocyanate (hereinatter referred to as hydrogenated MDI) as a portion 
or all of polyisocyanate compounds (b) which are difunctional or of higher functionality, an aqueous potyurethane resin 
using hydrogenated MDI {hereinafter referred to as an aqueous potyurethane resin (IMJ-H)} can be obtained and is 
used particularly preferably in view of the solvent resistance. The ratio of the hydrogenated MDI to the whole potyiso- 

s cyanate is preferably 25% by weight or more. 

[0037] The aqueous polyurethane resin having a chemically bonded phosphate group and an ethylenic unsaturated 
double bond {hereinafter referred to as an aqueous polyurethane resin (l-U)} can be obtained by replacing a portion 
of compounds (a) having a group of a salt and polyol compounds (c) described in the passage in the above description 
with respect to the aqueous polyurethane resin (ll-U) by a reaction product of adding 2 moles of phosphoric acid (meth) 

10 acrylate represented by the general formula (1) to 1 mole of diglycidyl ethers such as ethylene glycol diglycidyl ether, 
propylene glycol diglycidyl ether, neopentyl glycol diglycidyl ether, 1 ,6-hexanediol diglycidyl ether or the like. Further- 
more, the ethylenic unsaturated double bond concentration of the aqueous potyurethane resin (l-U), aqueous poly- 
urethane resin (ll-U) and aqueous polyurethane resin (ll-U-H) is preferably from 1 to 5 eq./kg. 
[0038] The reaction between the hydroxyl group and the isocyanate group can be conducted in the absence of a 

IS solvent or in a solvent, which does not react with the isocyanate group, at a temperature within a range from 20 to 
120''C. In the reaction, publicly known polymerization inhibitors and reaction catalysts can be optionally added in a 
proper amount. After the completion of the reaction between the hydroxyl group and the isocyanate group, various 
resins, additives and auxiliaries, for example, radiation curable resins, polymerization initiators for radiation curing, 
radiation curable monomers, radiation curable oligomers, publicly known resin compositions, amino-plasts, diluents, 

20 surfactants, plasticizers, waxes, hydrolysis inhibitors, emulsifiers, leveling agents, detoamers, antioxidants and anti- 
bacterial agents can be optionally incorporated. 

[0039] These additives can be added in the preparation of the coating, but can be mixed easily with a water-insoluble 
compound by introducing them before phase inversion into water in the preparation of the aqueous phase used in the 
present invention, as disclosed in Japanese Unexamined Patent Application, First Publication No. Hei 8-259888. 

25 [0040] As the compounds (a) having a group of a salt, i.e., a group capable of forming a salt, for example, diols 
having as a group of a salt any of phosphate group, sulfonic acid group, N,N-di-substituted amino group, carboxyl 
group, neutralized phosphate group, neutralized sulfonic acid group, neutralized N,N*disubstituted amino group and 
neutralized carboxyl group, and diamines are suited. Specific examples thereof include polyester diol wherein at least 
a portion of trimethylolpropanemonophosphate, trimethylolpropanemonosulfuric acid ester and a dibasic acid compo- 

30 nent is sodium sulfosucctniate orsodium sulfoisophthatate; and carboxyl group-containing polycaprolactonediol where- 
in a lactone compound such as e-caprolactone is added to N-methyldiethanolamine, diaminocarboxylic acids (e.g., 
lysine, cystine and 3,5-diaminocarboxylic acid), dihydroxyalkylalkanoic acid (e.g., 2,6-dihydroxybenzoic acid and 
3,5-dihydroxybenzoic acid, 2,2-bis(hydroxymethyl)propionic acid, 2,2-bis(hydroxyethyl)propionic acid, 2,2-bis(hydrox- 
ypropyOpropionic acid, bis{hydroxymethyl)acette acid and 2,2-bis(hydroxymethyl)butanoic acid), bis(4-hydroxyphenyl) 

35 acetic acid, 2,2-bis(4-hydroxyphenyl)pentanoic acid, tartaric acid, N,N-dihydroxyethyl glycine, N,N-bis(2-hydroxye- 
thyl)-3-carboxy-propionamide, or dihydroxyalkylalkanoic acid. To improve the compatibility, polyethylene glycol con- 
taining a hydrophilic molecular chain having three or more repeating units of ethylene can be used in combination with 
the compound having a group of a salt. 

[0041 ] The requisite amount of the group of a salt can be appropriately decided according to the kind and composition 

40 ratio of the components. Among the examples described above, compounds having any one or two groups selected 
from a carboxyl group and a sulfonic acid salt group, or a mixture thereof. It is particularly preferred to introduce a 
carboxyl group because good balance can be easily attained in various aspects. The acid value of the aqueous poly- 
urethane resin (ll-U) and the aqueous polyurethane resin (ll-U-H) is preferably within a range from 20 to 100 KOH mg/ 
g, and more preferably from 25 to 60 KOH mg/g. 

45 [0042] Examples of the polyisocyanate compounds (b) which are difunctional or of higher functionality include aliphat- 
ic diisocyanates such as 1 ,6-hexamethylene diisocyanate, 2,2,4-trimethylhexamethylene diisocyanate, and lysine di- 
isocyanate; aliphatic potyisocyanates such as trimer of the aliphatic isocyanate, and adduct of a low-molecular thol 
and the aliphatic isocyanate; alicyclic diisocyanates such as isophorone diisocyanate, hydrogenated MDt, methylcy- 
clohexylene diisocyanate, isopropylidenecyclohexyl-4,4'-dilsocyanate, and norbornene diisocyanate; alicyclic polyiso- 

50 cyanates such as trimer of the alicyclic diisocyanate, and adduct of a low-molecular triol and the alicyclic isocyanate; 
aromatic-aliphatic diisocyanates such as xylylene diisocyanate: aromatic-alicyclic potyisocyanates such as trimer of 
xylylene diisocyanate, and adduct of a low-moleculartriol and the aromatic-aliphatic isocyanate; aromatic diisocyanates 
such as 4,4'-diphenylmethane diisocyanate and tolylene diisocyanate; aromatic polyisocyanates such as triphenyl- 
methane tri isocyanate, trimer of the aromatic diisocyanate, and adduct of a low-molecular triol and the aromatic iso- 

55 cyanate; potyisocyanates which are trifunctiona! or of higher functionality, such as polymethylphenylenepolyphenyl 
isocyanate; and polyisocyanates compounds having a carbodiimide group, such as "COSMONATE LL" (mixture of 
carbodiimidated 4,4*-diphenytmethane diisocyanate and 4,4'-diphenylmethane diisocyanate manufactured by Mitsui 
Chemicals, Inc.) and "CARBODILITE V-05'* (terminated aliphatic polyisocyanate compound having a polycarbodiimide 
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group, manufactured by NISSHINBO INDUSTRIES. Inc.); and two or more polylsocyanate compounds can be used 

rooS'' "Examples of the polyol compounds (c) include ethylene glycol, propylene glycol, dlethylene glycol cyclohex- 
ane-1 4-dimethanol. 1 .3-butylene glycol. 1 ,4-butylene glycol, neopentyl glycol. 1 .6-hexanediol, 3-methyl-1 ■5-Pentene- 
dlol. 2-ethyl-1.3-hexanediol, 2-butyl-2-ethyM .3-propanediol. 2-methyl-1 .8-octanediol. 1 .9-nonanediol, <^ohe^ 
dimethanol, bisphenol A. bisphenol F. hydrogenated bisphenol A. hydrogenated bisphenol F. castor o.l-modified diol, 

foM4r°Fu?hTi^^or?p'^^^^^ polyols such as polyester polyol, polycarbonate polyol and polyether polyol can be 
mentioned as preferred polymeric polyols. The molecular weight is preferably within a range from 500 to 5,000 .n temis 
of number-average molecular weight. 

[00451 Examples of the polyester polyol include polyols obtained by the addition reaction of 
compounds seated from all^yl monoglycidyl ethers such as ethyl glycidyl ether, methyl gly=idyl ether, bu^ gjrcdy 
ether 2-ethylhexyl glycidyl ether, lauryl glycidyl ether, decyl glycidyl ether and steatyl glycidyl ether or alkyl glycidyl 
ester'fmanufactured by Shell Japan Ltd., under the trade name of "Cardula E10") and one or more polybasic acds or 
acid anhydrides {hereinafter referred to as a polybasic acid (f)) selected from aliphatic dibasic -"^"^ f^ ^J-P^ 
acid, az Jaic acid sebacic acid and dimer acid, or aromatic polybasic acids, or anhydndes thereof such isoph hahc 
acid terephthalic acid and trimellitic anhydride, or alicyclic polybasic acids or anhydrides thereof such as ^ydrophthanc 
anhydride and dlmethyl-1.4<yclohexanedicart,oxylic acid, and polyester polyols obtained by '^^'^^^^^^^'^ 
with the polybasic acid (0. in addition to the polyols described above. Furthemiore. polyester polyols obtained by the 

ring-opening polymerization of e-caprolactone and p-methyl-6-varelolactone. 

r0046i Examples of the polycarbonate polyol include hexamethylene polycarbonate polyol obtained «rom 1 , 6-hex- 
anediol as a raw material, polycarbonate diol made of 1 ,4-butylene glycol, polycarbonate diol made of neopentyl glycol, 
polycarbonate diol made of 3-methyl-1 ,5-pentanedioi. and polycarbonate '"^'^^ ^ •^^""^"^^f^^^^, 
[0047] Specific examples of the polyether polyol Include polyalkylene glycols such as polyethylene glycol, polypro- 
pylene glycol and polytetramethylene glycol. j„„hi» 
ro0481 Examples of the compounds having 1 or 2 hydroxyi groups and one or more ethylenic unsaturated double 
bonds Include monohydroxy mono(meth)acrylates such as 2-hydroxyethyl (meth)ac.ylate. 2-hydroxypropyl aT.eth)acr. 
ylate and hydroxybutyl (meth)acrylate; monohydroxyacryl methacrylates such as glycenn di(meth acortate and 
"UGHT ESTER S^oTp" (manufactured by KYOEISHA CHEMICAL CO., LTD.); monohydroxy tnacrylates such as 
pentaerythrltol triacrylate; monohydroxy pentaacrylatessuch as dipentaerythritol pentaacrylate; dihydroxy mono 

acrylates such as glycerin mono(meth)acrylate; and compounds obtained by the addition polymenzation of these com- 
pounds with ethylene oxide, propylene oxide, tetrahydrofuran or e-caprolactone. .„^,„„a, ^„ 
[0049] Further examples thereof include products obtained by the Michael addition reaction of polyfunclional ac^ 
Utes such as trimethylolpropane triacrylate, pentaerythritoltetraacrylate and dipentaerythritol 
Lnolamlnes such as diethanolamine, diisopropanolamine, dipropanolamine and ^^'^^'^^^''^'^'''^Z^l^^^^ 
kanolamines such as methylethanolamine, ethylethanolamine and methylpropanolamine; half urethanes obtained by 
reacting diisocyanates contaning two isocyanate groups having different reactivities, such as isophorone d"socyanate 
and tolylene diisocyanate with monohydroxy monoacrylate and mobnohydroxy di(meth)acrylate; and products obtained 
by reacting methacryl isocyanate with dialkanolamines or monoalkylmonoalkanolamines. 

[OOBoT in the reaction of introducing a group having an ethylenic unsaturated double bond into the aqueous res,^ 
or the other reaction after introducing the group having an ethylenic unsaturated double bond, polymercation inhibitors 
such as hydroquinone. tert-butyl-hydroquinone and methoquinone are preferably used. ^„„„^„ 
[0051] in the preparation of the aqueous polyurethane resin (l-U) and aqueous polyurethane t";*;^!' ^J^"^*"" 
tionally known urethanization catalyst such as dibutyltin dilaurate, stannous octoate, '''^'^^'^'^''^•^''^^^f^^^ 
zylamlne. sodium hydroxide. diethyl2inctetra(n-butyl)titanium orthe like is optionally used The reaction so^^ent « pref- 
erably reacted in an organic solvent which is inert to an isocyanate group, and examples thereof include acetor^e. 
methyl ethyl ketone, ethyl acetate, dioxane. acetonitrile, tetrahydrofuran, benzene, toluene, xylene, monoglyme, dig- 
lyme, dimethyl sulfoxide and N-methylpyrrolidone. These reaction solvents can be used alone or in combination. 
[00521 Examples of the crosslinking agent (e) include aliphatic amine such as ethylenediamine, piperazine. N am - 
noethylpiperazine. hexamethylenediamine, hydrazine, diethyltriamine. triethylteramine or letraethylenepentamine, al- 
icyclic amine such as cyclohexylenediamme, isophoronediamine or norbomanediaminoethyl; aromat« armne such ^ 
tobrienediamine, xylenediamlne, phenylenediamine, tris(2-aminoethyl)amine or 2 6-d«mmopyndine; 
such as y-aminopropyltrimethoxysilane, rdiaminopropyltriethoxysilane. N.p-(aminoethyl)-ram.nopropyftr.methoxys^ 
lane or N.B-(aminoethyl)-raminopropylmethyldimethoxysilane. Examples of the ketimine compound include ketimine 

compounds produced by dehydration of primary amine such as dimaine or triamlne and isobutyl ketone. 

[0053] Examples of the basic compound (g) capable of neutralizing the group of a salt, the P^^^^^^^f^^P-^'J^ 
phosphate compound (111) and the phosphoric acid (meth)acrylate represented by the general fomiula (1) m^^^^ 
iaikanolaminessuchastrimethylamine.triethylamine.trialkylamines.dimethylmonoethanolamine.diethylethanolamine 
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and diethanolmonomethylamine; and basic vinyl monomers such as dimethylaminoethyl methacrylate and diethylami- 
noethyl methacrytate. 

(Acrylic resin) 

5 

[0054] The aqueous acrylic resin used in the radiation curable aqueous coating composition of the present invention 
refers to an aqueous resin containing, as an indispensable component, an acrylic monomer such as (meth)acrylic acid 
or an ester thereof, and may be an unsaturated dibasic acid such as vinyl ether, styrene or maleic anhydride, or a 
copolymer with an ester thereof. 

10 [0055] A typical method of preparing an aqueous acrylic resin having a chemically bonded phosphate group and an 
ethylenic unsaturated double bond {hereinafter refen-ed to as an aqueous acrylic resin (l-A)} includes, for example, the 
following method. Using the phosphoric acid (meth)acrylate represented by the general formula (1) and (meth)acrylic 
acid as an indispensable component, a (meth)acrylic acid alkyi ester such as methyl methacrylate, ethyl (meth)acrylate, 
propyl (meth)acrylate or butyl (meth) aery late, a (meth)acrylic acid ester such as isobornyl (meth)acrylate orcyclohexyl 

15 (meth)acrylate and a monomer copolymerizable with these compounds are copolymerized by a publicly known solution 
polymerization or suspension polymerization method. In this case, the amount of the phosphoric acid (meth )acry late 
represented by the general formula (1) or the monomer having a group of a salt such as (meth)acrylic acid is appro- 
priately controlled so that the resulting polymer is made water-soluble by neutralization. After the completion of the 
copolymerlzation, the resulting acrylic copolymer solution is sufficiently heated, thereby completely descomposing a 

20 thermal polymerization initiator used in the copolymerlzation. Then, 1000 ppm of a polymerization inhibitor such as 
methoquinone or hydroquinone is added to the acrylic copolymer solution and a publicly known arbitrary amount of a 
ring-opening catalyst is optionally added. Furthemnore, glycidyl (meth)acrylate is reacted with a carboxyl group of the 
acrylic copolymer at 80 to lOO^'C so that the ethylenic unsaturated double bond concentration becomes 1 to 5 eq./kg, 
thereby introducing a (meth)acryloyl group into the acrylic copolymer. With respect to the content of the carboxyl group 

25 in the acrylic copolymer, the amount of the (meth)acrylic acid is controlled so that the acid value finally reaches 20 to 
100 KOH mg/mg, and preferably 25 to 60 KOH mg/mg, after the reaction with glycidyl (meth)acrylate. The acrylic 
copolymer into which the acryloyi group is introduced is neutralized with the basic compound (g) to obtain a desired 
aqueous acrylic resin (l-A). 

[0056] A (meth)acryloyl group can be introduced into a hydroxyl group of an acrylic resin having a hydroxyl group, 
30 a carboxyl group and a phosphate group, which can be obtained by copolymerizing with a monomer having a hydroxyl 
group such as hydroxypropyl (meth)acrylate, in addition to the above monomer, by a publicly known method. For 
example, the aqueous acrylic resin (l-A) can also be obtained by reacting a portion or all of hydroxyl groups of the 
copolymer with (meth)acrylic acid chloride, washing the reaction solution with water to remove hydrochloric acid as 
by-product, or reacting with (meth)acrylic anhydride and washing the reaction solution with water to remove (meth) 
35 acrylic acid as by-product. 

[0057] An aqueous acrylic resin having an ethylenic unsaturated double bond {hereinafter referred to as an aqueous 
acrylic resin (I l-A)} can be prepared by the same method as in case of the aqueous acrylic resin (l-A), except that the 
phosphoric acid (meth)acrylate represented by the general fomiula (1) is not incorporated. 

[0058] Another method of preparing the aqueous acrylic resin (ll-A) includes, for example, the following method. A 
40 portion or all of an acid anhydride of an acrylate-styrene-maleic anhydride tercopolymer resin is reacted with primary 
amine. A (meth)acryloyl group can be introduced by the Michael addition reaction of the imrno group obtained by this 
reaction and a polyfunctional polyacrylate, thus obtaining an acrylic resin. The carboxyl group in the resin is neutralized 
with the basic compound (g) to obtain an aqueous acrylic resin (I t-A). The amount of the carboxyl group can be controlled 
by reacting a portion or all of the acid anhydride with a lower alcohol. 

45 

(Polyester resin) 

[0059] A typical method of preparing an aqueous polyester resin having an ethylenic unsaturated double bond {here- 
inafter referred to as an aqueous polyester resin (ll-P)} includes, for example, the following method. A polyester resin 

so having a group of a salt such as carboxyl group on a side chain and a hydroxyl group at a molecular terminal is obtained 
by dehydration condensation of one or more compounds selected respectively from compounds (a) having a group 
capable of forming a salt such as dimethylolalkanoic acid, potyols (c) and polybasic acid (f). A (meth)acryloyl group is 
introduced Into a portion of the resulting hydroxyl groups by a publicly known method. Examples of the introduction 
method Include a method of reacting with (meth)acrylic acid chloride and washing the reaction solution with water to 

55 remove hydrochloric acid as by-product, a method of reacting a portion or all of the resulting hydroxyl groups with 
(meth)acrylic anhydride and washing the reaction solution with water to remove (meth)acrylic acid as by-product, and 
a method of introducing a (meth)acryloyl group into a hydroxyl group at molecular terminal of a polyester resin at reflux 
with toluene using (meth)acrylic acid. In case the group of a salt of the polyester resin having an ethylenic unsaturated 



9 



EP 1 277 815 A1 



double bond is a cart)oxyl group, an aqueous polyester resin (ll-P) is obtained by neutralizing a portion of all of ca*oxyl 
groups with the basic compound (g). The reaction can be conducted by adding publicly known polymerization inhibitors. 
The acid value of the aqueous polyester resin (ll-P) Is preferably within a range from 20 to 1 00 KOH mg/g. 
[0060] A typical method of preparing an aqueous polyester resin having a chemically bonded phosphate group and 
an ethylenic unsaturated double bond {hereinafter referred to as an aqueous polyester resin (l-P)} includes, forexamp e, 
the following method. First, a (meth)acryloyl group is introduced into a polyester resin having a hydroxyl group at a 
molecularterminal. In this case, hydroxyl groups are left In an amount required to the following introduction of a phos- 
phate group. Using diphosphorous pentaoxide. a phosphate group is introduced into the remaining hydroxyl groups in 
the polyester resin. Then, an aqueous polyester resin (l-P) is obtained by neutralizing a portion of all of carboxyl groups 
and phosphoric acid groups of the polyester resin with the basic compound (g). The acid value of the aqueous polyester 
resin (l-P) is preferably within a range from 20 to 100 KOH mg/g. 

(Epoxy resin) 

[00611 A typical method of preparing an aqueous epoxy resin having a chemically bonded phosphate group and an 
ethylenic unsaturated double bond {hereinafter referred to as an aqueous epoxy resin (l-E)} is as follows. First, diphos- 
phorous pentaoxide is added to hydroxyl groups of a publicly known arbitrary epoxy acrylate wherein (meth)acrylic 
acid is added to epoxy groups of an epoxy resin, and phosphate groups are introduced to obtain an epoxy resin. Then, 
an aqueous epoxy resin (l-E) is obtained by neutralizing a portion of all of phosphoric acid groups of the epoxy resin 
with the basic compound (g). The amount of phosphoric acid groups to be introduced is preferably from 15 to 60 mg/ 
g in temis of phosphorous atoms. The amount Is preferably controlled so that the acid value of the aqueous epoxy 
resin (l-E) becomes 20 to 100 KOH mg/g, and more preferably 25 to 60 KOH mg/g. 

(00621 A typical method of preparing an aqueous epoxy resin having an ethylenic unsaturated double bond {here- 
inafter referred to as an aqueous epoxy resin (ll-E)} is as follows. First, polybasic anhydride is added to hydroxyl groups 
of a publicly known arbitrary epoxy acrylate wherein (meth)acrylic acid is added to epoxy groups of an epoxy resin 
and carboxyl groups are introduced. Then, an aqueous epoxy resin (ll-E) Is obtained by neutralizing a portion of aH of 
carboxyl groups of the epoxy resin with the basic compound (g). The amount of carboxyl groups to be introduced is 
preferably controlled so that the acid value of the aqueous epoxy resin (l-E) becomes 20 to 100 KOH mg/g, and more 
preferably 25 to 60 KOH mg/g. 

(Coated metal material) 

[00631 The coated metal material of the present invention, comprising a metal material and a radiation curable coating 
film fomted on the metal material, wherein the coating film has a phosphate group bonded chemically to the aqueous 
resin and has a thickness of 3 tun or less, will now be described. . ^ . , . 

[00641 Examples of the metal material include steel materials such as steel material, metal-coated steel matenal 
and non-metal-coated steel material; and non-ferrous metal materials such as titanium, copper, magnesium, aluminum, 
and material obtained by these materials with metals or non-metals. Examples of the metal-coated steel include met- 
allized steel material and metal-plated steel material. It also includes metal materials obtained by plating or metallizing 
usinq a metal In which inorganic or organic matter is dispersed. . ^ ... . , 

[00651 When using the steel material wherein the metal material is coated with zinc, an alloy of zinc, and other metal, 
or is coated with zinc by a metallizing or plating process, it is made possible to obtain a coated metal matenal havmg 
a surface hardness of the coating film, excellent adhesion to the surface of the metal material and excellent wori<ability. 
The metal material may be a metal material with an Inorganic coating film on the surface or a metal matenal with no 
inorqanic coating film, but the metal material with no Inorganic coating film is preferred because of high adhesion to 
the metal material and high solvent resistance of the coating film as an object of the present invention. As used herein 
the Inorganic coating film means an inorganic coating film formed on the metal surface by a chromate treatment and 
does not mean a metal coating by a plating or metallizing process. 

[00661 The coating film of the coated metal material of the present invention is a coating film cured by crosslinking 
due to irradiation with radiation, which has a phosphate group bonded chemically to an aqueous resin and has a i m 
thickness of 3 am or less after curing. The radiation curable aqueous coating composition for fomning the coating film 
on the surface of the metal material may be any one having a phosphate group bonded chemically to an aqueous 
resin Preferably when using a radiation curable aqueous coating composition containing an aqueous resin (I), and/ 
or a phosphate compound (II) and an aqueous resin (II), a coating film having excellent solvent resistance of the coating 
film and excellent adhesion to the surface of the metal material can be obtained. ^ 
[00671 The coated metal material of the present invention is used for various purposes, and the coating film is formed 
on the surface for the purpose of surface protection in view of uses in prevention for adhesion of fingerprints, lubncating 
steel plates, primers, and coating films requiring no lop coat. 
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[0068] The coated metal material of the present invention is characterized in that the coating film thickness is 3 ^tm 
or less, preferably 0.5 to 2 ^m, and more preferably 1 to 1 .5 \im. The thickness of the coating film may be decided 
according to the purpose. When the coating film is a thin film having a thickness of 3 (im or less, it exerts excellent 
effects in economical efficiency, adhesion in forming in post-processing, and conductivity in welding. 

s [0069] The thin layer having a thickness of 3 ^m or less exerts excellent effects from the following points of view. 
That is, regarding the coating film on the coated metal material of the present invention, the phosphate group bonded 
chemically to the aqueous resin has the affinity or chemical bonding to the surface of the metal material and is also 
crosslinked by the polymerization of an ethylenic unsaturated double bond due to irradiation with radiation. In summary, 
the f omned coating film is not only cured by the polymerization of the ethylenic unsaturated double bond due to irradiation 

10 with radiation, but is also firmly adhered due to the affinity or chemical bonding of the phosphate group to the surface 
of the metal material. Accordingly, the coating film can be firmly adhered to the surface of the non4reated metal, which 
is reactive to the phosphate group, due to the affinity or chemical bonding as compared with the surface coated with 
an inorganic coating film by a chromate treatment. 

IS (Method for manufacturing coated metal material) 

[0070] The method for manufacturing a coated metal material comprising a metal material and a radiation curable 
coating film formed on the surface of the metal material will now be described. The metal material used in the method 
for manufacturing a coated metal material of the present invention is not specifically limited, but various metal materials 

20 described in the description of the (coated metal material) are preferably used. As the radiation curable aqueous coating 
composition for forming the coating film on the surface of the metat material, for example, various radiation curable 
aqueous coating compositions containing the aqueous resin (I), and/or the aqueous resin (II) and the phosphate com- 
pound (III) of the present invention are used, thus making it possible to exert excellent effects on the solvent resistance 
of the coating film, adhesion to the surface of the metal plate, and workability. 

25 [0071] The method for manufacturing a coated metal material usually comprises (1 ) the step of removing contami- 
nants on the metal surface, thereby improving the wettability and adhesion of the coating composition, for example, 
publicly known steps of alkaline degreasing, acid pickling, sand blasting, washing, hot water rinsing and polishing, (2) 
the step of pre-treatment for improving the wettability and adhesion of the coating composition, for example, the step 
of a publicly known treatment such as chromate treatment, treatment with zinc phosphate, treatment with iron phos- 

30 phate, phosphating treatment, double oxide coating treatment or displacement deposition treatment of Ni or Co, or the 
step of treatments used in combination, (3) the step of coating or adhering the coating composition onto the surface 
of the metal material, (4) the drying step of evaporating the solvent in the coating composition on the surface of the 
metal material, (5) the heating step for accelerating the curing reaction in the coating composition, and/or (6) the step 
of irradiating with radiation for accelerating the curing reaction in the coating composition. In the method for manufac- 

35 turing a coated metal material of the present invention, a radiation curable coating film can be formed on the surface 
of the metal material by using the steps (3) and (6) as indispensable steps in combination with other steps. 
[0072] In the method for manufacturing a coated metal material of the present invention, wherein the coating step 
(3) is used as the indispensable step, various radiation curable aqueous coating compositions containing the aqueous 
resin (I), and/or the aqueous resin (II) and the phosphate compound (III) of the present invention are coated with a 

40 coating film thickness of 3 ^m or less. The radiation curable aqueous coating composition can be coated, for example, 
by a publicly known method such as roll coating, curtain coating, dip coating, spray coating, brush coating, electrodepo- 
sition coating or the tike. 

[0073] When the surface of the metal material is coated with the coating composition before fomiing an oxide film, 
that is, immediately afterthe step of rolling and plating. It becomes possible to omit (1 ) the step of removing contaminants 
45 on the metal surface, thereby improving the wettability and adhesion of the coating composition and (2) the step of 
pre-treatment for improving the wettability and adhesion of the coating composition. 

[0074] The step (4) of evaporating the solvent can be conducted by a publicly known method such as air drying, hot- 
air heating, induction heating, irradiation with infrared rays and far infrared rays, ultrasonic vibrations or the like. The 
heating step (5) can be conducted, for example, by the method of heating the metal material used in the above step (4). 

50 [0075] In the method for manufacturing a coated metal material of the present invention, the step (6) of irradiating 
with radiation is used as the indispensable step and the heating step (5) can be omitted. Regarding the coating film of 
the radiation curable aqueous coating composition, the resin in the coating film is cured by crosslinking due to irradiation 
with radiation such as ultraviolet light, visible light, electron beam, X-ray or the like. The radiation is preferably ultraviolet 
light or electron beam which is used widely. 

55 [0076] In the case in which the coating film is cured by irradiation with electron beam, polymerization initiators are 
not required. The coating film can be obtained by irradiating with electron beam of a total dose of 6 to 200 kGy, preferably 
10 to 100 kGy. using an electron irradiating apparatus of an acceleration voltage of 20 to 2000 KeV, preferably 150 to 
300 KeV. 
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[00771 in the case in which the coating film is irradiated with ultraviolet light, a mercury lamp or xenon 'a'"? w-d^^ 
used as a light source is used. In this case, photopoVmerizatlon Initiators are added to the rad.at.on curable aqueous 
coating composition. The photopolymerization initiator can be arbitrary selected from publicly known substances^ The 
amount can also be arbitrary and is, for example, within a range from about 0.2 to 20%. and preferably from 0.5 to 
1 0%, based on the nonvolatile content of the coating composition. , „, ,h= ^,^!.f inn 

[00781 In the method for manufacturing a coated metal material of the present invenfon, the thK:kness of the coa ng 
ilm can be set to 3 nm or less according to the purpose. For example, for the purpose of using as ''"9^^^'"* P;^^^"»'"9 
stel?^heet and lubLting steel Sheet, the thiclcness is preferably within a range from 0.5 to 2 
from 1 to 1 .5 ^m. Thus, a coating film having excellent adhesion to the surface of the metal ma enal and excellent 
solvent resistance can be obtained, even through it a thin film. (Method for joining coated metal mater.al) 
[0079] The method for joining a coated metal material comprising a metal material and a rad.at.on cu^ble coat.ng 
f ilm foLed on the metal material, which comprises joining the coated metal material, the coat.ng film of wh.ch has a 
phosphate group bonded chemically to the aqueous resin and has a thickness of 3 ,im or less, by weld.ng .n the state 
of having the coating film will now be described. „„t„H rvotoi 

[0080] As the metal material with a coating film cured by radiation, which is to be jo.ned by weld.ng a coated rneta^ 
Where n the coating film has a phosphate group bonded chemically to the aqueous res.n and ^^^^J^f'^^^^ tZ 
or less preferabV 0.5 to 2 fUn, and more preferably 1 to 1 .5 ^m, is used. The above-descnbed coated metal mater.al 
of the present invention is Veferably used. The coated metal material using the radiation «=";,«ble aqueous coat.ng 
composition of the present invention is particularly preferably used. The shape of the coated metal matena to be 
welded is not specifically limited, but examples thereof include a sheet or a fomned sheet such as steel sheet, a d.e 
casting article, and a metal material rolled in the shape of bar or H-steel. , 
[0081] The method of joining a coated metal sheet or fom,ed coated metal matenal by weld.ng J^^^^!^ 
an electrical welding method. The form of joining includes the case where a coat.ng f.lm ex.st8 at the J"'"* P-^'O" 
thecasewherenocoatingfilmexistsatthejointportionbutacoatingfilmsometimesex.tsonthesurfacetobecom^^^^ 

with an electrode for welding. In any case, the method for joining a coated metal mater.al of the present .nvent.on has 
a signlffcarrt feature of joining without removing the coating film. »hi-.un».c m 1 tn 1 <? nm 

[0082] For example. 1 mm thfck electrogalvanized steel sheets with a coat.ng f.lm hav.ng a th ckness of 1 to 1 .5 urn 
Son Lh surfaces can be spot-weldedinthe state whe« the respective coating filmsarela,d one upona^^^^^^^^^^ 

Alternatively, electrogalvanized steel sheets can be spot-welded by putting an electrode on the "°"-<=°f '^^^"^^^f '^^^ 
The state where coatrng films having a thfckness of 1 to 1 .5 ^m fom«d on one surface of each electrogalvan.zed steel 
sheet are laid one upon another, As described above, the present invention exerts effects when coated rnetal nr.ater|als 
aneloined with each other in the state of having the coating film at the joint portion. Altemat.vely, etectrogalvan^ed 
sSelTheets can also be spot-welded by putting an electrode on the coated surface in the state where non^ated 
surfaces are laid one upon another. . u *l. ^^^*■,r.^fi^rY^ 

[0083] Since the coating film cured by radiation has low conductivity, a high voltage .s requ.red when he coat.ng fjlni 
s thick in the case in which coated metal materials with the coating film fomned thereon are electncally w^'ded. The 
welding process causes a disadvantage In that soot is fomned from the coating film portion cured by heat.ng. In the 
roN g m'ethod by spot welding, since the electrode is stained wKh soot and lamp black fonr-ed '-m the coaj_^^^^^^^^^^^ 
he number of coated metal materials which can be welded decreases with the .ncrease of the '^^^ '"9 J'"? 
Although a conventional coating composition does not cause such a disadvantage If the coat.ng f.lm thickness .s re- 
duced a function of a coating composition for protecting the metal surface is drasttoally lowered. 
rOO&«l The coated metal material used in the method for joining the coated metal material of the present .nvent.on 
s a coated metal material having a coating film, which has a phosphate group bonded chemteally " '"^^ 
and Is a thin film having a thickness of 3 jm, or less, but has high adhesion to the surface of the metal .^atenal and 
excJLntsle^resista^^^^ 

metal material occurs in the electrtoalweldlngstep,thusmakingitpossibletoreducetheamountofsoott^^^^^^ 

AS a result, according to the method for joining the coated metal material of the present '"^^"';";^*;;^2S?000 timS 
likely stained with soot and lamp black fomied from the coating film, and spot weld.ng can be conducted 1000 times 

or more. 



[Examples] 

[0085] The present invention will now be described specrfically by way of the following Examples. In [Example A], a 
radiation curable aqueous coating composition having a phosphate group using various aqueous res.ns o't^e present 
invention and a radiation curable aqueous coating composttion having no phosphate group w.ll be <^escnbed. In Ex- 
ample B], specific examples of a particulariy excellent aqueous polyurethane coating compos.t.on .n t^e preser^t .n- 
vention will be described In the following Examples, "percentages" and "parts" are by weight unless otherwise indi- 
cated. 
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[Example A] 

[Preparation Example (1) of aqueous polyurethane resin (ll-U)] 

5 [0086] In a reaction vessel equipped with a reflux condenser, a nitrogen introducing tube, an air introducing tube and 
a thermometer. 3.2 parts of polyoxyethylene giycoi (Mn = 600), 42.6 parts of lactone polyester diol "OD-X-2155'* (Mn 
= 970, manufactured by DAINIPPON INK AND CHEMICALS, Inc.), 21.1 parts of 2,2-bis(dihydroxymethyl)butanoic 
acid, 7.1 parts of butylethylpropanedlol, 22.9 parts of castor oil "LM-R" (manufactured by HOKOKU CORPORATION). 
47.4 parts of hydrogenated MDI. 170.9 parts of methyl ethyl ketone and 0.02 parts of stannous octoate were added 

10 with stirring and were heated to 70°C over 0.5 hours. After the reaction at 70 to 75°C for three hours, 28.8 parts of 
hydrogenated XDI ("Takenate 600" manufactured by Takeda Chemical Industries, Ltd.) was added and the reaction 
was conducted again at 70 to 75*C for one hour. Then, 0.2 parts of methoquinone, 40.3 parts of "LIGHT-ESTER G- 
201 P** (manufactured by KYOEISHA CHEIS^ICAL CO., LTD.) and 0.1 parts of stannous octoate were added and, after 
replacing a nitrogen introducing tube by an air introducing tube, the reaction was continued again at 70 to 75°C. The 

IS reaction was conducted for ten hours while adding 0.04 part of tert-butyl-hydroquinone and 0.04 parts of stannous 
octoate every four hours to obtain a solution of a polyurethane resin. After cooling to 30°C, 14.4 parts of trietylamine 
and 530 parts of pure water were added to the resulting solution. After adding 0.5 parts of "Surfinol AK02" (manufactured 
by NISSHIN CHEMICAL INDUSTRY Co., Ltd.), methyl ethyl ketone was distilled off under reduced pressure at50*»C 
to obtain an aqueous polyurethane resin (ll-U) having a nonvolatile content of 30.0%, an acid value of 39.3 KOH mg/ 

^ g, a Gardner viscosity U. and an unsaturated group concentration of 1.6 eqJkg. This is referred to as an aqueous 
polyurethane resin (M-U-l). 

[Preparation Example of aqueous acrylic resin (ll-A)] 

25 [0087] In a reaction vessel with a stirrer, equipped with a reflux condenser, a nitrogen (containing 7 to 10% oxygen) 
introducing tube and a thermometer, 62.24 parts of ethyl acetate, 62.24 parts of dipentaerythritol hexaacrylate and 
0.01 parts of methoquinone were charged and dissolved with stirring. After cooling to 25°C, a solution prepared pre* 
viously by mixing 6.93 parts of benzylamine with 1 0.4 parts of ethyl acetate was added dropwise over 30 minutes. After 
stirring at 30*^0 for three hours, a solution prepared by dissolving 30.83 parts of an ethyl acrylate-styrene-maleic an- 

30 hydride copolymer resin having a weight-average molecular weight of 2,000 and an acid value of 300 KOH mg/g 
[manufactured by GIFU SHELLAC] in 77 parts of acetic acid was added and the reaction was conducted by heating 
to 60*C for two hours. After cooling to 30'C, 6.53 parts of triethylamine was added 233,6 parts of deionized water was 
added, followed by stirring for 30 minutes. While maintaining at 30°C, an aqueous solution prepared previously by 
dissolving 2.5 parts of piperazine in 1 7.5 parts of deionized water was added dropwise over 30 minutes and the solution 

35 was continuously stirred at 30°C for 2.5 hours, and then ethyl acetate was removed by distilling off under reduced 
pressure at 40°C. As a result, an aqueous acrylic resin (ll-A) having a Gardner viscosity M-N, a nonvolatile content of 
29.8%, an ethylenic unsaturated double bond concentration of 4.8 eq./kg, and an acid value of 54.7 KOH mg/g was 
obtained as a semitransparent liquid. 

40 [Preparation Example of aqueous polyester resin (l-P)] 

[0088] In a reaction vessel with a stirrer equipped with a rectifying tube for glycol, a condensed water decanter, a 
reflux condenser, a pure nitrogen introducing tube, a nitrogen gas mixture containing 7 to 10% oxygen introducing tube 
and a themnometer, 6.98 parts of ethylene glycol, 1 3.59 parts of 1 ,6-hexanediol, 1 6.3 parts of dimethylolbutanoic acid, 

45 40.23 parts of trimethylolpropane, 37.05 parts of phthalic anhydride and 50.56 parts of sebacic acid were charged and 
nitrogen was blown, and then this was heated to 1 80*'C with stirring over two hours. After heating to 230°C over three 
hours, the reaction was conducted at 230*C for five hours. After cooling to 105°C and replacing by a nitrogen gas 
mixture containing 7 to 10% oxygen introducing tube, 30 parts of toluene, 25.2 parts of acrylic acid and 0.17 parts of 
methoquinone were added and dehydration condensation was conducted at reflux with toluene at 105 to 110°C for 

so five hours. A polyester resin obtained under reduced pressure of 20 mmHg for one hour was diluted with 73 parts of 
ethyl acetate and was then cooled to 50*^0. While maintaining at 50°C, 7.1 parts of diphosphorous pentaoxide diluted 
with 7.1 parts of ethyl acetate was added. After maintaining at 50^0 for two hours, carboxyl groups and phosphate 
groups were neutralized by adding 21 parts of triethylamine with cooling and 620 parts of deionized water was added, 
followed by solvent change and further distillation under reduced pressure at 40 to 50*C to obtain an aqueous polyester 

55 resin (l-P) having a chemically bonded phosphoric acid group and an ethylenic unsaturated double bond. It had a 
Gardner viscosity U, a nonvolatile content of 30.8%, an ethylenic unsaturated double bond concentration of 2.0 eqy 
kg, an acid value of 64.2 KOH mg/g and a phosphorous content of 1 .8%. 
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[Preparation Example of aqueous polyester resin (li-P)] 

mixture containing 7 to 10»/o oxygen introducng tube, 30 parts jj^, toL„e to 110°C for 

mmmmmM 

of 41 .0 KOH mg/g. 

[Preparation Exan^ple of aqueous polyepoxy resin (l-E)] 

10090] in a reaction vessei with a stirrer, equipped w«h a retiux -"f ^^^^^^^^^^ 

^^^^ 

50.0 KOH mg/g and a phosphorous content of 6%. 
[Preparation Example of aqueous polyepoxy resin (I l-E)] 

63.6 KOH mg/g. 
(Aqueous polyurethane) 

is. It is called an "aqueous polyurethane" in Table 1 . 
<Preparation of radiation curable aqueous coating composition> 
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Kayamer PM21 : phosphoric acid methacrylate manutactured by NIPPON KAYAKU CO., LTD. 
Biscoat 3PA: phosphoric acid acrylate manufactured by OSAKA ORGANIC CHEMICAL IND.. LTD. 
trgacure 184: photopolymerization Initiator manufactured by Giba Specialty Chemicals 
NUC-Silicon A-174: silane coupling agent manufactured by Nippon Unicar Co., Ltd. 
5 FZ'3153: silicone emulsion manufactured by Nippon Unicar Co.. Ltd. 

<Production of coated metal material> 

[0095] With respect to (Examples A-1) to (Examples A-8) and (Comparative Exaniptes A-1) to (Comparative Exam- 
10 pies A-5) described in Table 1 to Table 4, an electrogalvanized steel sheet having a thickness of 0.8 mm was coated 
with a radiation curable aqueous coating composition having a nonvolatile content of 20% in a coating film thickness 
of 1 ^ using a drawdown rod #3, and this was then dried at 80*^0 for two minutes by an air dryer. Using a 120 W high- 
pressure mercury lamp, a coating film was cured by irradiation with uttraviolet light of a dose of 130 mJ/cm^. With 
respect to (Examples A-8), a coating film obtained by coating and drying in the same manner as in (Examples A-1 to 
15 A-7) and (Comparative Examples A-1 ) to (Comparative Examples A-5) was cured by irradiation with an electron beam 
at a total dose of 30 kGy at an acceleration voltage of 165 kV using an electrocurtain manufactured by iWASAKI 
ELECTRIC CO., Ltd. 

<Physical properties test of coating film of coated metal material> 

20 

(Solvent resistance test) 

[0096] Test pieces of a coated metal material in size of 5 x 13 cm was made and 0.8 g of an absorbent cotton was 
mounted to a head of a rubbing tester, Type I (manufactured byTaihei Rika Industries Co., Ltd.) while being surrounded 
25 with a gauze in a size of 4.5 x 3.5 cm and, after impregnating the absorbent cotton with a solvent, each test piece was 
rubbed a predetermined number of times (5, 1 0, and 20 times) under a load of 300 g. Then, it was judged whether or 
not the substrate was exposed in accordance with the following criteria. Ethanol as an extra pure reagent was used in 
the ethanol resistance test, while methyl ethyl ketone as an extra pure reagent was used In the MEK resistance test. 

30 © : No exposed portion is observed, and slight rubbing marks are observed 

O No exposed portion is observed, but some rubbing marks are obsen/ed. 
A: Small traces of substrate are exposed, 
x: The coating is exposed as a result of peeling off. 

35 (Adhesion test) 

[0097] The adhesion test was conducted according to JIS 5400. After scratching a grid of 11 by 11 lines, each at a 
spacing of 1 mm, in the coating film of each test piece at the center portion, using a cutter knife, the coating surface 
on which the grid was formed was turned toward the die side and a steel ball was extruded by 5 cm using an Erichsen 
40 testing machine. Then, a cellophane adhesive tape was applied on the grid and was peeled off rapidly. The area of 
the coating film remaining on the grid was determined and indicated by percentage. 

[0098] The results of physical properties test of the coating film of the coated metal material in [Example A] are shown 
in Table 3 to Table 4. 
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[Example B] 

[0099] In Example B, the embodiment is further described in detail by way of the Example using a phosphate com- 
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pound (111) represented by the general fonmula (1), Example of an aqueous polyurethane resin (ll-U-H) using hydro- 
genated MDI as a raw material, the Example wherein a silane coupling agent is added and a companson between a 
chromated galvanized steel sheet and a non-treated galvanized steel sheet. 

[Preparation Example (2) of aqueous polyurethane resin (ll-U)] 

r0100] In a reaction vessel equipped with a reflux condenser, a nitrogen Introducing tube and a thermometer, 2.4 
parts of polyoxyethylene glycol (Mn = 600). 19.6 parts of 2,2-bis(hydroxymethyl)propionlc acid, 34.4 parts of polyester 
Sfol tneopen J^^^ adipate: Mn = 500). 4.4 parts of trimethylolpropane. 9.7 parts of butylethylpropaned.ol. 83.8 parts 
TjZZ^00'in,.Jsclure6 by TAKEDA CHEMICAL INDUSTRIES. Ltd.: hydrogenated MDI). 154.3 parts of me- 
thyl ethyl ketone and 0.008 parts of dibutyltin laurate were charged and heated to ^O;^ "f^^^^ 
Atter the reaction at 70 to 75°C for three hours, 0.05 parts of tert-butyl-hydroquinone. 44.3 parts of LIGHT-ESTER G- 
201 P" (manufactured by KYOEISYA CHEMICAL CO., LTD.) and 88.5 parts of MEK (methyl ethyl ketone) were added. 
After replacing a nitrogen introducing tube by an air introducing tube, the reaction was conducted again for ten hours 
while adding 0 04 parts of tert-butyl-hydroquinone at 70 to 75»C ever/ four hours to obtain a solution of a polyurethane 
resin To the solution. 14.7 parts of triethylamine and 516.1 parts of pure water were gradually added a"*"; a"®' '"ain- 
tarng at 30-C for tvio hours. 0.5 parts of "Surtinol AK02" (manufactured by NISSHIN CHEMICAL INDUSTRY CO., 
LTD ) was added. Then, methyl ethyl ketone was distilled off under reduced pressure at 50»C to obtain a" aqueous 
polyurethane resin (ll-U) having a nonvolatile content of 29.3%, an acid value of the nonvolatile content of 40.5 KOH 
mjg, a Gardner viscosity U-V, and an unsaturated group concentration of 1.9 eq/kg as a transparent liquid. This is 
referred to as an aqueous polyurethane resin (ll-U-2). 

[Preparation Example (3) of aqueous polyurethane resin (ll-U)] 

101011 in a reaction vessel equipped with a reflux condenser a nitrogen Introducing tube and a themiometer, 31.9 
parts of "ODX2376" (adipic acid/diethylene glycol-based polyesterdlol manufactured by DAINIPPON INK AND CHEM- 
ICALS Inc Mw = 1.000). 16.1 parts of 2.2-bi8(hydroxymethyl)butanolc acid, 17.2 parts of castor oil, 59.2 parts of 
hydrogenated MDI, 124.4 parts of methyl ethyl ketone and 0.012 parts of dibutylthin dilaurate were charged and heated 
to 70°C with stirring overO 5 hours. Afterthe reaction at 70to75'>Cforthree hours. 0.15 parts of tert-butyl-hydroquinone, 
29 4 oa^of -LIGHT-ESTER G-201P" (manufactured by KYOEISYA CHEMICAL CO.. LTD.), 13.8 parts of "Sumidule 
N3300" (manufactured by SUMITOMO BAYER URETHANE CO.. LTD.). 86.3 parts of MEK and 0.15 parts of dibutyltin 
laurate were added. After replacing a nitrogen introducing tube by an air introducing tube the reaction "^s *:onduc^ed 
agalnfortenhourswhileadding0.04partsoftert-butyl-hydroqulnoneat70to75oceveryfourhour^^^^^^ 

of a polyurethane resin. After cooling to 30»C, to the solution, 11 parts of triethylamine and 582. P^^^ P^^J^f ^ 
were gradually added. After stirring at 30«C for 0.5 hours, 9.1 parts of ramlnopropyltriethoxysilane and 21 parts of 
acetonitrile were added diopwise over 0.5 hours. Atter heating to 45-C and maintaining at the same temperature for 
^o hou4 0 50 parts of "Surfinol AK02" (manufactured by NISSHIN CHEMICAL INDUSTRY CO., LTD.) was added 
and methyl ethyl ketone was distilled off under reduced pressure at 50»C to obtain an aqueous polyurethane resin 
" u) having a nonvolatile content of 31.6%. an acid value of the nonvolatile content of 35.1 KOH mg/g, a Gardner 
viscosity O-N, and an unsaturated group concentration of 1 .4 eqTkg as a transparent liquid. This s referred to as an 
aqueous polyurethane resin (ll-U-3). 

[Preparation Example (4) of aqueous polyurethane resin (ll-U)] 

I01D21 In a reaction vessel equipped with a reflux condenser, 2.2 parts of polyoxyethylene glycol (Mn = 600), 47.6 
part?L casto'oi'ldified diol hIsG-I 60R" (manufactured by HOKOKU CORPORATION. Mw = 760). 19.6 parts o 
2 2-bis(dlhydroxymethyl)butanote acid, 8.9 parts of butylethylpropanediol, 3,95 parts of trimethylolpropane, 76^2 parts 
o hydrogenated MDI ("Takenate 600"). 158.3 parts of methyl ethyl ketone and 0.01 parts of dibutyKin laurate were 
charged and heated to 70°C with stirring over 0.5 hours. Afterthe reaction at 70 to 75'C for three hours, 0 2 parts of 
methoqurnone, 40.3 parts of "LIGHT-ESTER G-201 P" (manufactured by KYOEISYA CHEMICAL CO LTD^ and 
parts of dibutyltin laurate were added. After replacing a nitrogen introducing tube by an air introducing tube, the reaction 
was conducted again for 1 5 hours while adding 0.04 parts of tert-butyl-hydroquinone at 70 to 75-C eveiy four hours 
to obtain a solution of a polyurethane resin. After cooling to 30«C, to the solution, 13.4 parts of »"f ^^y'^^'""^^ 
parts of pure water were gradually added and, after maintaining at 30"C for two hours, 0.5 parts of Surfinol AK02 
(manufactured by NISSHIN CHEMICAL INDUSTRY CO.. LTD.) was added and methyl ethyl ketone was distiHed off 
under reduced pressure at 50-C to obtain an aqueous polyurethane resin (li-U) having a nonvolatile content of 29.0 /o, 
an acid value of the nonvolatile content of 37.8 KOH mg/g. a Gardner viscosity U, and an unsaturated group concen- 
tration of 1 7 eq./kg as a transparent liquid. This is referred to as an aqueous polyurethane resin (ll-U-4). 
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[Synthetic Example of phosphate compound (111)] 

[0103] In a reaction vessel with a stirrer, equipped with a reflux condenser, an dry air introducing tube and a ther- 
mometer, 1 87 parts of phosphoric acid methacrylate "Kayamer PM21 " (manufactured by NIPPON KAYAKU CO., LTD.), 
5 102 parts of "Cardula E-IO" (manufactured by YUKA SHELL EPOXY CO., LTD.) and 0.15 parts of methoquinone were 
added with stirring, heated to 75^*0 and then maintained at TS'^C for three hours to obtain a phosphate compound 
having an acid value of a nonvolatile content of 52 KOH mg/g. This is referred to as a phosphate compound (lll-G). 

(Aqueous polyurethane) 

10 

[0104] As an aqueous polyurethane which does not have a radiation curable unsaturated group and a group of a 
salt In a molecule and also has a good processabiltty, an aqueous urethane resin "SPENSOL: L-512" manufactured 
by DAINIPPON INK AND CHEMICALS Inc. (nonvolatile content of 30%) was used as the "Comparative Example" as 
it is. It was described as an "aqueous polyurethane" in Table 6. 

1$ 

[Preparation of radiation curable aqueous coating composrtion> 

[0105] In accordance with Table 5 and Table 6, a radiation curable aqueous coating composition containing an aque- 
ous resin (1), and/or an aqueous resin (II) and a phosphate compound (111) used in (Examples B-1) to (Examples B-9) 
20 was prepared. In accordance with Table 6, a radiation curable aqueous coating composition having no phosphate 
group used in (Comparative Examples B-1) to (Comparative Examples B-3) was prepared. 

[0106] "Aquacer 537" described in Table 5 and Table 6 indicates a water-soluble olefin wax manufactured by Bic 
Chemie, Japan. 

25 <P reparation of coated metal materlal> 

[0107] In the same manner as in Example A, except that those described in the column of "Rolled material" in Table 
7 to Table 1 0 were used as the metal material, coated metal materials of (Example B-1 ) to (Example B-7), (Comparative 
Example B-2) and (Comparative Example B-3) were made by curing due to irradiation with ultraviolet light, while coated 
30 metal materials of (Example B-8) and (Comparative Example B-1 ) were made by curing due to irradiation with electron 
beam. 

[0108] The metal materials described in the column of "Rolled material" in Table 7 to Table 10 are as follows 

"Aluminum sheet": non-treated aluminum plate having a thickness of 0.5 mm 
35 "Chromated electrogalvanized steel sheet": chromated electrogalvanized steel sheet having a thicicness of 0.8 mm 

"Non-treated electrogalvanized steel sheef: electrogalvanized steel sheet having a thicl<ness of 0.8 mm which is 
not subjected to a chromate treatment 

"Non-treated hot-dip-galvanized steel sheet": hot-dip-galvanized steel sheet having a thickness of 0.8 mm which 
is not subjected to a chromate treatment 
40 "TFS": chromated steel sheet having a thickness of 0.26 mm 

"Tin sheet": tin sheet having a thickness of 0.26 mm obtained by tinning #50. 

<Physical properties test of coating film of coated metal material> 

45 (Solvent resistance test) 

[0109] In the same manner as in Example A, except that the predetermined number of rubbing was changed to 1 0, 
20. and 50 times, the solvent resistance test was conducted. 

so (Adhesion test) 

[0110] In the same manner as in Example A, the adhesion test was conducted. 

(Workability test 1 ) 

55 

[0111] With respect to a test piece of a coated metal material dipped previously in boiling water, the workability test 
1 was conducted in the same manner as in case of the adhesion test of Example A. Incidentally, the Erichsen extrusion 
distance was 3.5 mm in the case in which "Rolled material" is "TFS" and "aluminum sheet", while the extrusion distance 
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was 5 mm in the case of various "steel sheets". 
(Workability test 2) 

5 [01121 A test piece of a coated metal material of a size of 5 x 1 5 cm was prepared and was bent by 1 80° while facing 
the coated surface outward. A T setting sheet having the same thicl^ness of the test piece was prepared and was bent 
while gripping with a vice. For the cases where the number of sheets to be inserted is 0. 1 , 2. or 3, the symbol "OT , 
"1T "27- or "Sr* is described in the table, respectively. The bent portion was subjected to the cellophane adhesive 
tape peeling test and the maximum number of T setting sheets where no peeling occurs was taken as an index of the 

[OlTsr'' The results of the physical properties test of coating film of the coated metal material in [Example BJ are shown 
in Table 7 to Table 10. ^ ^ . ^ , 

[01141 As is apparent from the results of the solvent test, the adhesion test and workability test of the coated metal 
materials described in Table 3. Table 4 and Table 7 to Table 10, Examples are superior in all test items in spite of a 
IS small thickness of coating film, such as 3 M,m or less. 
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Industrial Applicability 

(01 1 5] The present invention provides a radiation curable aqueous coating composition, which is an aqueous coating 
composition having high safety and which is capable of improving working environment, and which has high solvent 

s resistance that has never been attained by a conventional coating composition and has excellent adhesion to various 
articles to be coated, and which is also suited for use in coating compositions, coating agents, inks, primer coatings, 
and anchoring agents. The present invention also provides a coated metal material whrch has high solvent resistance, 
excellent adhesion to the surface of the metal material and excellent workability in spite of a small thickness of 3 p,m 
or less of a coating film obtained by coating the surface of the metal material with an aqueous coating and curing the 

10 coating film due to irradiation with radiation, and a manufacturing method therefor. Furthermore, since a coating film 
of the coated metal material of the present invention has a thin film having a thk^kness of 3 \um or less, it is made 
possible to provide a method for joining a coated metal material, which comprises Joining by welding in the state of 
having the coating film. 



15 



35 



Claims 



1. A radiation curable aqueous coating composition comprising an aqueous resin having a chemically bonded phos- 
phate group and an ethylenic unsaturated double bond, and/or a phosphate compound having an ethylenic un- 

^ saturated double bond and an aqueous resin having an ethylenic unsaturated double bond. 

2. The radiation curable aqueous coating composition according to claim 1 , wherein the content of the phosphate 
group is within a range from 0.1 to 1 0.0% by weight in terms of phosphorus atoms based on the nonvolatile content 
in the aqueous coating composition. 

25 

3. The radiation curable aqueous coating composition according to claim 1, wherein the aqueous resin is at least 
one aqueous resin selected from aqueous polyurethane resin, aqueous acrylic resin, aqueous polyester resin and 
aqueous epoxy resin, which has both an ethylenic unsaturated double bond and a group of a salt. 

30 4. The radiation curable aqueous coating composition according to claim 1 , wherein the phosphate compound having 
an ethylenic unsaturated double bond is a phosphoric acid (meth)acrylate represented by the general formula (1). 



General formula (1) 



45 



- -H. -CHa R2 = CmH2m+1 

k=2~12, m = 0--'8x 0 = 0^^2. 3 = 1*^3. b = 0--2 



so 5. The radiation curable aqueous coating composition according to claim 3, wherein the aqueous polyurethane resin 
is an aqueous polyurethane resin having both an ethylenic unsaturated double bond and a group of a salt, a portion 
or all of a polyisocyanate moiety being dicyclohexylmethane-4,4'-diisocyanate. 

6. The radiation curable aqueous coating composition according to claim 1 , which contains a silane coupling agent. 

55 

7. The radiation curable aqueous coating composition according to claim 1 , wherein the phosphate compound having 
an ethylenic unsaturated double bond is neutralized with a basic compound. 
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8. A coated metal material comprising a metal material and a radiation curable coating film fonned on the metal 
material, wherein the coating film has a phosphate group bonded chemically to the aqueous resin and has a 

thickness of 3 p.m or less. 

9. The coated metal material according to claim 8, wherein the metal material is a metal material having no inorganic 
coating film on the surface thereof. 

10. A method for manufacturing a coated metal material comprising a metal material and a radiation curable coating 
film formed on the metal material, which comprises the steps of coating the surface of the metal material with an 
aqueous coating composition comprising an aqueous resin having a chemically bonded phosphate group and an 
ethylenic unsaturated double bond, and/or a phosphate compound having an ethylenic unsaturated double bond 
and an aqueous resin having an ethylenic unsaturated double bond in a coating film thickness of 3 urn or less, 
and curing the coating film with radiation. 

11 . The method for manufacturing a coated metal material according to claim 11 , wherein the metal material is a metal 
material having no inorganic coating film on the surface thereof. 

12. A method for joining a coated metal material comprising a metal material and a radiation curable coating film 
fonned on the metal material, which comprises joining the coated metal material, the coating film of which has a 
phosphate group bonded chemically to the aqueous resin and has a thickness of 3 ^m or less, by welding in the 
state of having the coating film. 

13. The method for joining a coated metal material according to claim 12, wherein the welding is electrte welding. 
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A. Claims 1-7 and 10 to 11 

B. Claims 8-9 and 12 to 13 

The inventions in the group (A) relate to an 
actinic-energy-ray-curable water-based coating composition which contains 
a water-compatible resin having chemically bonded phosphoric ester groups 
and ethylenically unsaturated double bonds and/or contains a phosphoric 
ester compoiind having an ethylenically unsaturated double bond and a 
water-compatible resin having ethylenically unsaturated double bonds y and 
to a process for producing a coated metallic material with the composition. 

The inventions in the group (B) relate to a coated metallic tnaterial 
which has a cured coating film having phosphoric ester groups chemically 
bonded to a water -compatible resin and having a film thickness of 3 fm or 
smaller, and to a method of bonding the coated metallic material. 

The coating material (coating film) containing a water- compatible 
resin having chemically bonded phosphoric ester groups, which is a matter 
common to the group (A) of inventions and the group (B) of inventions, is 
knov/n as described in the following document l. It is hence not regarded 
as a special technical feature in the sense of the Rule 13 . 2 of the Regulations 
under the PCT. 

Consequently, there is no technical relationship involving an 
identical or corresponding special technical feature between the group (A) 
of inventions and the group (B) of inventions. Therefore, these two groups 
of inventions do not comply with the requirement of unity of invent ion provided 
for in Rule 13.1 of the Regulations under the PCT. 
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